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■S- 31*1^ ^ ZL ^liEi 7fl3flAlE^ ^^a^ 

£ 4 
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7 oM}-^l 31*1^ 3? =L 7fl 3£fl ^1 Bl Xl s y 0 Vl 3 {Ferroelectric register and manufacturing 
method of capacitor of the ferroelectric register} 

£ 2^ ^^^1 ofl UCJ.-E- cj^ ^ ufBl-vfl^ 5L^. 

£ 4^ £ ^ofl 7 J-B-^^1 31*1^E^ 2)^-^* ^M]*}Xl q-Bf^ S^JE.. 

E 5 ^1 £ 8^r 2f2f Xl 1 ^UHH uj-^ #^Xl «A]Ei«-<3l ^X\^\ 

^ofl tfltr ^ o. uj-^xfl^ 

£ 11 lfl*l £ 14^ ZfZf XI 2 -gAHofl 4^ 7J- o.^Xl 7fl3flAlE^^ 7fl3 flAl 

£ 15a ^ £ 15b^r 47fl^ #-fj-#3l 5H*MiH* i^jAS ^1 3L^ Ji^ 

£ 16^ XI 3 ^*HH1 itj-s. 7fl 3flAl El -fry^ Lj-EKH^r 
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£ 19 ^ £ 20-^ ^ ^°\] efl^l^E^ S= a] ^^a] 

Aj^^ gig] 

<i5> <a^>^-2-S #-fr^l ^fl-E.^ ^, FeRAMCFerroelectric Random Access Memory) 

■c- (DRAM: Dynamic Random Access Memory) ^£^1 ^ e] 7}*1^a) #41 jL 

H^HS- Q)o]b\ 7 } ^ ^Hlrfl 7} ^ ^^JL ^cf. 

<ie> FeRAM^- DRAM4 7^ -frA>*V ^ 7l<^^^>5.^1 t}sJHe^ 7^5. #-fr # *)] # 

°J*H #7jl» ^7l^e|£ cflolE^7} ^l^^xl Sfetf. 
<17> E l£- ojaV^o] igJ-Aj Tj-o-^^l 7fl2flX|Eicq JLAj i Efl 3 X| ^ -=L 
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<18> £ ^ol ( ^fl^AlE^ ^Tflofl -fM^ -g-q-ol ^7111- 

<19> #-8-31*11 ufl5LE| D £ A ^VEfll- 1 £ 0.2.3. cfl-g-Al^ 7]^^ 

*}3. -g-g-tb ^m. 

<20> £ 2^ #-8-^^ ^lS-e] i4€- ^ £*ltr SH^-. 

<2i> £ 2 ofl £Al^ z>o] ( ^^o.^. HlHe}^ BL°1 ^^s)Jl, alH^^ BL^- JE*}^ 

°1H PL^l ^^^cf. 711 °1B ^:7>7> ^.Eie^ WL«fl JL Mi ^-7>^ tilBe-}^ BL 

"S^S^ NMOS H^^l^Ei7> 3^3jL, zj-H-^^l TiaflAlEi FC^r ¥ #7}^ l ^7} 7} 
NMOS H^l^o] c^ojoil M^ji ^1 2 ^7>^ b}-°] PL<^1 ^^je^- ^^4. 

^cf. ne]£S, wl^oM?WH^ ^Hff^KB, C)£r ^cHM (Normal)*] *Hf-^(A, 
DH1 ulsfl nfl-f ^-o>^7ll ^cf. 
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<24> £ -^3£r ^-R-^^l 7fl2fl^lBl# A}-g-*}^ efl^] 

oflo]^- TlH^f ; ^7fl^ C-HojE-l ^ ^ofl o^A-] Z]-Z}-o} c-flolBl ^)}o]^ Sfo] 

e+olH oil OH- ^H^-l- -f-^fl ^l^^lfe 3MB|* A^Rr Zj-o-^^l -c}-£ o] 

°fl°ll: 4]3L7f oHlol^-A] ^T^o^g. ^v]-°-A) 7]^ #Cf-g- i^^l; * # 7 ) ^^^IS. 
jfei ol 7 ]. £] ^ ^Xl^oj-^. ^^A] 7l^r #t}£ ^P-Wl^Cf. 
<26> i^o} Tj-fr^ eflAl^E^ 7fl3flAlE-l ^l^Wj-^^ #7] e^^o] ^ ^sq. ^ 

9i^£l^ ^- 7fl5l *>JjL #^^g- ^sHr ^ 1 ^7l ^c^ £ 7 fl£l <5>Jf 

# ^oHl ^"71 aJ«H5. - 7fl cq ^w. Tj^ofl ^ ^-S-^l^-fr ^*Rr ^1 2 

^ ^ #efl°lH ^1^1- ^*>H #7l *H5L - 71] ^1 ^ #^#°11 nfl^-Sl^r ^ ^ 

<27> .& 1^0} Tj-O-^l efl^l^E^ 7fl Sfl 7.1 E.^ 7flS«c V ^^r € t^HB ^llf 9j7>«>^ tfifl 

AV-g-s-H, ^71 ^ ^^SLsL ^} cH%l£l7ll 7j-Pr^^# ^ ^> 
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<28> o]^, 5L^#-°r -& «>^^ -S*H# ^Ml^Tfl -£^4. 

<29> 5L 4^ ^ ^"^ofl 4^ efl^^E^ ^Ml ^711 Ml ^Siolcf. 

oo> .s. ^-rgo^ 7^£x\] efl^l^E^ Pi, #<3 ^-§-^(410), eMH ^1<=H1 ol ^- 

0^(420), 7ll ^1^(430), ^^-(440) ^ i^^l N5» tM=f. 

< 3 i> #<y ^<H*1 pi^ <yofloi^. a] ENP7> *^3^a] #^#<a-i- #^^1^4. oi^*v 

^3*1 Pl^r ^Sltf^ VCCSf ^^-¥-(41) AHofl o^S)^ 711 o]E ^7># ^Sfl # 

^ ^ ^1 °1 w ^IJl ENP« 4^Ith=K 

#<S ^^(410)^ ^^^1 Pl^ <y^oll- ^H^-(420) A>o]ofl ^l^M, i^JE. 

CN1, CN2 a\o]o\] efl^^ss. <£?i$. PMOS B^l^E] P2, P3-& ^al^-tf. 
<33> efoiH *i ofl °l!r ^H^-(420)^r sWH *IH -*1Jl ENW<=H1 ^fej- ^#*) D, 

/Dl- °!7>«>^cl-. olei*V ^Hl ^1 * ^H-^^O)^ dlo^ D, /D ^^^>sf ^ 

J= CN1, CN2 A>oloil <£%s\o] ^ TflolH 2}olB afl<H 412. ENW1- ^*Rr 

NM0S H^l^Ei Nl, N21- ^wl^cf. 
<34> ?fl3fl^l&|^-(430)^ #&1HH ^]JL CPL*11 ^ }^EL CN1, CN2°ll #<#*}# ^ 

sl-olH °]°IM1- ^H«-(420)l- #*ll ^1^-Slfe c-llolEi D, /Dl- 7|#tbcf. 
<35> olsl*]. ^^-o^^ 7fl3rflAlE^-^-(430)^ *\°]5L ^ 7^ ^ 7fl zfl A] 7> ^ ^ 

4^ 7fl3flAlEl ^ FC1 ~ FC4* ^T, l^H^ ^-H-^^1 711^^1 
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34(430)* q°]5L ^ 7fl5] 7B^AlE^7> ^s* 3-8-*H <3! <^^^ 

7^13 -R-^ FC1 ~ *V Zj-fj-^l 7fl3flAlEi7]- til^A^Bflo] ^o.oil £ 

7fl5fl^B^] ^«fl ^S\E-5L, 7fl2flAlEl ^ FCl ~ FC4^ ^ #^4^8: ^ 

<36> 7flsflAlE-] -R-^ FCl^l ^S^, <^^^ Z| ^^^1 7fl5flAlEi!-(©, (g))^ 

id— CN1-4 ^* tq-s. ^ ^ #EflolH ^JJl CPL-|- 7 fl 

^ FC2^ ^tt, *$|^ 7fl3lHEl!-((3) > ®)$] 

CN2Sf ^-f- <£^s\jl, ^ -f-sfl ifl #eflolH -ilJL CPL# "^^Hr^. 

<37> 7fl 2fl A) Ei -frbJ FC3^r 4^711^ ^-fl ^ #-R-*I*ll 7fl 3fl ^ E^ # ( © , ©)o] ^2= CNl^ ^ 

VSS AHofl tgig ^^SlJl, 7fl2flAlEl FC4^r 4^7fl^ 1-^^ 7j-0-*Ufl ^sflX) 

<38> ^cf£ ^^(44 0 )^ t n CN1> CN2 ^olcH] sfl^2S ^M^H i^^l N53.-^ 

3 ^17>£1^ ^l^-t- ^Al^cl-. ols^V #cf^- ^^.(440)^ zj-o^^l 7 fl 2 (lAlE^(430) 

$1- #ch£ ^3*1 N5 A>olofl ^l*}^, CNl, CN2 ^}o]o]} sfl^^S NMOS 
^3 N3, N4* ^-wltl-cf. 

<39> 14^- ^1*1 N5^ "^HM^ A]jr ENN7J- <?HM-i:*l ^^^<y-i; #cf^Al^lcl-. 

°1 3 ^> #4£ N5^ ^--§-^(440)2}- ^l^l^ VSS ^l-o] en] tIMh £ 
*}» **fl <^H1 41 31 ENN1- ^ 

<40> sEtb, zJ-B-^^1 efl^E^ B, /B# **fl 3H3# 
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<4i> £ 5 vfl^l 5. 8^ AA XI 1 ^*HH #-fr#*ll ?fl^^l^^-(430)^ 7fl2fl 

-R-^J FC1 ~ FC4<>1] cfltr A oMl ^-g- M-eNI^ S^ojcf. 
<42> £ 5 vfl^) £ 84Hfe ^1 4^7fl^ #-fr#*fl ^HnHAjEil-i: ^ 

<43> £ 5<>llAi^ ^ nn^id), ©HI ^ ^-S-^l^ ¥ ^(Bottom 

Electrode Layer) ^1 ^ SHH^l^H ^-f-^-S ^VM-^ #-f}-*l*ll#(Ferroelectr ic 

Layer)^- ^^tr^f. =L^31, A^-^nW A oH] ^ #-fr^l ^^He^®, (2))<^ ^^^.( Top 
Electrode Layer H f-^MS ^(3E^ ^ §ell o]h ^l^-^f ^^tt ^^^r)-8r ^ 
W^f. ^ <5H^^gr $}A^A #^^1- /BSf ^71^^.5. <£^&A. 

W ^£ 

<45> £ 6 o. *)j ! ^AHl^ afS. ?fl3flA]E-l -fi-^ FC2^ q-E}tfl^ ZL 

^SW3£: £ 5^ ^^^>Cf. ZL^Jl, 5L 7 ^ £ 8£r AA A 1 ^*HH 7fl 3Zfl 

-B-^ FC3 ^ FC4^ ^o.s., ^sq^r $o] 

^A ^A$.®# VSSCEE^r 3.J=;*i-£)<2}- o^S)^ 53 ol ^o]v\A. 
<46> £ 9^ ^ ^o\) tyS, 7^^) B]}A^A2) ^ ^ s.b.x\ ^ A^^A. 

<47> 5}.^ o]«i x^^jAl VCC7V <^ efl^ofl RESET7V 

^-^s>7fl RESET ^-^o.^. 4^1 ^ ^#^1^ PUP7> •y^l^ll-^cf. 
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<48> o)^lo]} > PUPS} <y^] oil- oil € f-^HH CPL^l *>o]afl'gS. 

°H, efl^l^El^ ^^^1 7fl sfi a] -fr^ FC1 - FC4°fl *1*H1 <£ 

# CN12f CN2°11 ^^^7} t^^cf. 
<49> ^ ojtj. CN1> CN2 ofl ^-g-^- ^x}?} iH^Hr T2 Sl^'S, 9j<>lH 

1- ^Is. ENNtt *M5. 9joflo]^-slji ^ oioflol^- Al J: ENP^r SiS ^^Hl^H ^ 
CN1, CN2^1 dlolEil- ^^>7ll €4. °H, f^^r 31 oj &\ ^ - g$ igJ-Aj 

7fl3XllAlE^ 5g^^l7> ^Cf. 
<so> ol^o)], T3 ^^_H1 ^<y§M ^ CN1, CN2^1 HH^I ^rfi^, ^ ^ 

3#^]JL PUP ^ i3 f-elHB Ajjr CPL# 4^1 S.-fefl'tS 4^1, ^M^ 0 ^ 

Srfl'IMd ^-H-^i^l 7flsflAlEl fry FC1 FC22] t-HojEil- rfA] 4^711 ^cf. 

<51> ojnfl, E}-o]H *)HA}Jr ENW^ ^-f ^-Bfll- fr-*l<5H <qj=L ^olE^7> ^A] EfolE s)^ ^ 

<52> £ 10^ ES^I ^(WRITE)aI efl^iE-lo)] c-11°1e|^- ^B^l 

^ El-oj^il- u|Ef^cf. 
<53> ^^^1^71- 9j7>5lJl °J^Al^]-c,l ^U}-^, AflS.^ dME| D, /D7> <^£H ^ f^X\ 

^ -fr^ FC1, FC2^ OJ^^ - 7J-0.^|^ 7fl3flAlEK®(2), ©©HI ^#£4. ?11^ 

^l&l -fr^ FC1, FC201 ^ #-fr*l*ll 7fl5llAlE^n]; ol^C^^jT zz. ^-ft-*^ 7 fl 3fl A] ^ 7 > 

wl^cKH^e^, -£ 3^1 B ^°1 7 fl2ilAlE^ ^--g^o] cflojEl ^^n>^l ^3 

1- ol^-'tl^ efl^l^E-1^ HlfligJ-Aj c-flolE] ^sfl:g ^ °Xt\. 
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<54> ZLS^M-, «Vrgofl^S»f ^o] ^ 7 fl ^ 7fl A] ^ ^^S. ^IflS. 

^VEfl^ ^flaflAlE^) o]*fl H^T]] ^cf. 

<55> #S > - #-£^1 7fl2flAlE^l-ol 2.=- Aj-Aj-Efl c>l ^ A] ZL ^^^i Cj| o] e) ^ 

<56> ZIElZL, C-flolEi ^/#^ SflcjiL-f E} ^7>£l^ °3 ^ Dfl o] E^ 7> *H ofl A^ ^i<HH 

HSZL^j Aj-ol^-o] A^SH efl^liE^l AflS^- C-flolEll- E]-olE^ 7 | o]i£ e)-o)H 

<Ji ENW ^ H ^3HB ^IJL CPL^l *l-o|eil^5. o] ^T-trf . ojufl, ^Hoj-a. a]^ ENN 

^ *H ^-Bfll- -B-^l^Jl, <y ofl oil- ENPtt 5-4- #Bfl# ^1^. 

<57> ^#*V #-8-^1 711^1^(430)21 A FC1 ~ FC4 

» ^7fl2l 7fl3XflAlEil- ^1 <g^A^ ^^-O.S.M| ( C-flojE^ T^o] A] 3)]^ 

<58> £ n £ U ^ Z^-Zl- ^-^^ ^ 2 ^Al^ofl nj-^- #-fr^l 7fl3flAlE^(430)^ ?fl 

-B-^ FC1 ~ FC4°H Cfl^; Aj-^j u(-E]-tfl^ S^ojcl-. 

< 59 >- *H 1 ^HHH^ ^^51^ #^#31 ®@. (5)©, ©(B)) 

<60> ^ AJaHHa^ *]j 1 AjAl^cH]^ Z]}o)o}°- ^o) 7 ] o^fl ^ <£71S\±; 4 

^7fl^ *fl 7fl3iflAlEil;^- ^^1^ o.S. ^#(stack *S)«H ^ ?1] ^ Al E^ FCl ~ FC4# 
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<6i> ofl^cfl, -fr* FCl^ M-Efvfl^ £ noil SU^H. ^J-fr^Xl XIXHeU®) 

X] cfl^-S]^ Xl l Xl 1 #-B-#X]^ ^ Xl 2 

^^^VJl, Xl 2 #X| #-fr*lXI X1XMe1((2))X1 cfl-g-slfe Xl 2 ^-fi-^Xlf^)- XI 3 

^(*}$)*d^)i £*m<L3, ^^W. Qj7l<M, A XIXHeK®, ©)2l Sfi^Kr 

Xl 1 ?A^A Xl 3 /B^ ^71^ O.S. "d^^U, Xl 2 ^ 

Xl ?fl5fl^lEl(©, ^3)^SL3. 4 #eflolB -tlS CPL-i: ^^V^cf. 

<62> ^, XI 1 Xl 1 #^Xl# ^ Xl 2 #^-#<X 7flsflAlEi(®)# ^S^ul, ^-§- # 

AV-g-S]^ Xl 2 ^f^g- <§^°-5. XI 1 ^ ! ^> tR^s) 

XI XI 2 ^KH^Xl^ #^f^l 7fl3X)]AlEK(2))# ^IE|J1, XI 3 

<64> #^^>o] H]B 3}°] B, /B ^ «S]ZL» *g ^ <X Jl , ^ S&|ZL ^fXl Xl 1 

XI 1 #-ff-*}Xl^, XI 2 XI 2 7J-B-^X]# ^ XI 3 ^j#*V 

c*. <XX1, Xl 1 ^ Xl 2 #-fi-*l*f|f^ ^<X£ *W -f^^* ^1 ^ 

<65> XI 3 ^#°| ^€ ^ ^Xl ^^W. ^Xl, ^<3^Xl 

^ B, /B^l <^«^- j^a)?^ XI 1 ^^#sf z\) 3 ^^-#^1 <3<*)-i: ^.^Al 7]^ XI 

2 ^ W. ^elZL, n ^Xl Xm ^^}<X Xm <X uleej-o] B> /B 

^ XI 3 "S^Rr ^^*Vcf. 
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< 66 > £ 12^ *\] 2 ^Alojloil 14^ 7flsJ)A)E-l -fry FC2S] ^-fr M-Ej-iflfe- ^o Si 

H ^^Sf ^^£r £ 113]- -§^*}£K =LZ\3L, 5. 13 ^ 5= Hfe ^ w^o} 2 ^ 
A HH1 ?fl2fl^lEi -fry FC3 ^ FC4^ ^.fr M-^^ %<LS., ^ 2 ^ # 

sfl^E^l-^- ^ A oMl M-^r*l l^^q ^o.5L «^ -fr^ ^ 

<68> £ 15a ^ £ 15t>TT 47fl ^1 7j-fr^^l ^sflAjE^ ^ ^ ^^fe £^ 

<69> 5. 15a^ £ 11^1 ^P-Sl- t}a] o]^o. S ^^sr>Jl ^ sfloHfl- #7}^°.3. <^^Al^l 

^°l c f. £ 15a2f ^ H o^^-S. £ 11^ ^2:^- E-l ^ol 3^).ct| o] ^ ^ 7 j-_o 

^^1 7fl*M3-i-§r <£tJ^- ^ ^4. £ 15b^ 51 5^1 ^£1 £ ll^H^ ^-ol ^} vj\ 

<70> £ 1 6 £- wVtgcq *j| 3 ^AHofl n}^ *V 7fl3flAlEi -fr^o] M-E}-lfl±r 

•It*. 

<71> ^. ^AHHl^^- 711 1 ^ 7)1 2 ^HHH^ ^ Z]- Xj^ft ^^tiV^O.^ ^ 
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< 72 > ^, #^^> /B(SE*r B)^ 31 1 ^« 0 V %°3. S^jI, °)^r ^-f- 

*H tfl^Tfl *fl 1 7j-^^^^4 ail 2 ^^fl^AlEi 0) X) 2 #-f}- 

331^:4 31 3 €^§K7fl3fl*13 ©)* 4^ ^^frS-S. 

vcc7> ^*i<y- vppi- <?]7i-*H ^n}^ ov^^o.s. ?w H>^-^^>cf. 

<74> £ 17£r -S- t^ofl ^-H-^^l 31*1^2] 4) t^Hs a]Jt CPL# VPP ^ 

#^l7l7) ^th IS #eflolH 3H^1 ^-fr M^^r slS^clcf. 

<75> -a ^ #eflo]H 3H^tt ^1^(510), J§*§Jf(520) g i« 3H^-(530)«- 

<76> ^^-^-(510)^ ^ 3H41JE. CPL_VPP_C0N# «1*M *]<3*V^ *1<S4I3l DLY» # 

3*Rr 31"?] I VI ~ IV4* ^tiltb^. 

<77> ^^a.( 5 20)^ ^i^^-y- 3H^3[. VCC.CON^ ^]7>a] ^<g«.( 5 io)^ ^<gAl^ofl nj-sj- £ 

VCC* VPP 3ll3£] ^^gAi^il- °1 «H *1 ^^(520)^ NE 

^-7fl°lB ND1, *1<S^(521), £i 7fl4^1^ CI, ^-¥-(522) ^ ^^7>o] PMOS H^l 

<78> ^7HlA^, u££Lt11o1e MDi-g- XH^lS VCC_C0N-4 ^l^S. DLY» 

Hfi = ^*H, ^1^^(621)^ \££L7fl olH ND13 til^i 7l<3*Hr olulEi 3l<?] IV5 ~ 

IV 7# ^til^-cK 5L£l PMOS HSH^I^E-I P5S1 %>$aH| nj-ej- #£l*i<y- VCC 31 

IS =21^1 € ^^IJl CPL_VPP^ z]}^ %3gf>}u\ t PMOS H^Ul^Ei P5^ 

VCC °J7^4 2.JEL 7fl2flAlEi Cl^l A>o]6(l <&%S\o\ 7flo| E ^}M. J^fft ^f-Jf (522)3 
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#^JL# ^ ^^-(522)^- PMOS H 33*1^1 P5^ j=eflol ^l^^ VSS 

°H1 311 ^-«fl ^1= TflojH NDl^ ^4!*Rr PMOS H 

Sflxl^Ei P4S+ NMOS H^^l^Ei N6^r 

<79> efl^f «-( 5 30)^ olw^ IV8, IV9, 31^3 3=3(531) ^P-S-^(532)# ^lt^. 

<so> o]v]&\ IV8^r € #3HB *lM^liE. CPL_VPP_C0N* ^>€*H , Sl*^ IV9^ ^Ei IV8 

<8i> efl^ ^^(531)^- efl^l PMOS H^liE] P6, P7 ^ NMOS B^l^ N7, N8-§- 

^fl^M, ^3 IV8, IV9^ #^3H1 x^s\- ^^§a]s CPL.VPP1- ^^W. ^| Mfi 3 

531HH, PMOS B^l^El P6, P7£- ^ -f-Sfl ^ ^s. CPL_VPP7> ^7>£) 
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